. The boundaries of the CRF were estimated with bar and grating stimuli whose characteristics were controlled interactively. For 38 of 61 neurons we confirmed these manual estimates by reverse correlation on responses evoked by a dynamic sequence of small white squares distributed in and around the CRF (square positions were chosen randomly for each frame). Reliable CRF estimates were obtained with 150 to 300 s of data (30 to 60 behavioral fixation trials). Generally there is excellent agreement between the CRF profile estimates obtained with the two methods. Our CRF estimates ranged from about 20 to 50 min of arc, which is entirely consistent with the range of receptive field diameters obtained in awake behaving macaques by other researchers; for example, see ) and shown at a resolution of 1280 ϫ 1024 pixels. Images were shown for 10 s each. Neural responses and eye position were recorded continuously during this free viewing (8) . Natural vision movies that simulated these specific free-viewing episodes were constructed by using the eye position records to determine the position of the recorded CRF during free viewing. In six cells the diameter of the reconstructed movies was four times the CRF, and in 11 cells it was three times the CRF. These data have been combined in this report. 18. Each free-viewing episode produced a single-spike train evoked by a unique pattern of exploratory eye movements. In contrast, natural vision movies were repeated many times. To obtain comparable sparseness estimates for these data, we separately analyzed the spike train evoked by each repetition of the natural vision movie. A homolog of the bacterial cell division gene ftsZ was isolated from the alga Mallomonas splendens. The nuclear-encoded protein (MsFtsZ-mt) was closely related to FtsZs of the ␣-proteobacteria, possessed a mitochondrial targeting signal, and localized in a pattern consistent with a role in mitochondrial division. Although FtsZs are known to act in the division of chloroplasts, MsFtsZ-mt appears to be a mitochondrial FtsZ and may represent a mitochondrial division protein.
Mitochondria are ubiquitous organelles that form networks, reticulae, or punctate structures in eukaryotic cells. Mitochondria in many cells appear to constitutively fuse with one another and divide (1), but we know little about the proteins involved in these processes, particularly mitochondrial division. Eukaryotes depend on mitochondria for respiration and adenosine triphosphate synthesis and rely on them to divide before daughter mitochondria can be apportioned to each new cell generation. In chloroplasts, homologs of the bacterial cell division protein FtsZ are essential components of the organellar division machinery (2) . FtsZ is found in nearly all prokaryotes, is structurally related to tubulin, and accumulates at the furrow between dividing cells, playing a critical role in cell division (3 We screened a cDNA library of the unicellular chromophyte (stramenopile) alga Mallomonas splendens (4) with two probes: (i) part of the chloroplast AtFtsZ1-1 gene of the plant Arabidopsis thaliana (5) and (ii) a fragment of the ftsZ1 gene of the ␣-proteobacterium Sinorhizobium meliloti (6) 
the red algae Cyanidium and Galdieria, the cryptomonad alga Guillardia, the plants Arabidopsis and pea, and the moss Physcomitrella, which in turn are related to FtsZs of cyanobacteria, from which chloroplasts derive (Fig. 1) . We thus believe that MsFtsZ-cp has a role in dividing the Mallomonas chloroplast.
The second screen, probing for sequences related to the ␣-proteobacterial gene, identified a second Mallomonas ftsZ homolog, which we call MsFtsZ-mt (Mallomonas splendens FtsZ-mitochondrion; GenBank accession number AF120116). Phylogenetic analyses (Fig. 1) of the predicted 401-amino acid protein (relative molecular mass 42310) demonstrated that MsFtsZ-mt was most closely related to FtsZs of ␣-proteobacteriathe nearest known bacterial relatives of mitochondria (7) . Northern blot analysis revealed a MsFtsZ-mt transcript of the expected size (ϳ1.25 kb) in mRNA isolated from asynchronous cultures of M. splendens. MsFtsZ-mt has an NH 2 -terminal extension predicted to act as a basic, amphipathic, mitochondrial targeting sequence (8) .
The mitochondria of M. splendens are, like those of most other cells, highly plastic and dynamic (1, 9) . At any one time, they number 15 to 30 per cell and can rapidly (over several seconds) change shape between being spherical, ellipsoid, elongate, or platelike. They move within the cell and undergo frequent fission and fusion events (10) . Viewed within living cells at interphase, at least one mitochondrion (usually several) is medially constricted (Fig. 2B shows examples in fixed cells), and these dividing mitochondria become completely separated within 1 min (10) . Observations of the fusion of mitochondria (10) suggest that the tip of one mitochondrion meets and fuses with the end or side of a second mitochondrion, similar to mitochrondrial fusion, in other eukaryotes (1, 9) .
To determine the location of MsFtsZ-mt in M. splendens, we generated antisera to bacterially expressed protein (11) (Fig. 2A) . Confocal microscopy of immunolabeled interphase cells (Fig. 2, B through I) showed that MsFtsZ-mt was always associated with mitochondria and displayed patches of labeling in two distinct locations: around the middle of mitochondria (medial localization) and at the edges of mitochondria (peripheral localization). Medial localization was often associated with mitochondria that were constricted (arrowheads, Fig. 2D ) and possibly represented MsFtsZ-mt in dividing organelles, similar to the localization of FtsZ in dividing bacteria (3) . A series of confocal sections showed three mitochondria, each with a medial belt of anti-MsFtsZ-mt labeling (Fig. 2, E through I) ; although these mitochondria were not obviously constricted, they may have been in the very early stages of division. In bacteria, the FtsZ ring forms before there are any morphological indicators (such as cell shape) of division (12) . Peripheral localization of MsFtsZ-mt (arrows, Fig.  2D ) appeared as one to several patches per mitochondrion and often occurred at mitochondrial poles. The similarities between the localization of MsFtsZ-mt in M. splendens and the behavior of bacterial FtsZ suggest that MsFtsZ-mt acts in mitochondrial division. Furthermore, the distribution of MsFtsZ-mt is strikingly similar to that shown by Dnm1, a dynamin-related guanosine triphosphatase that regulates mitochondrial division in yeast and C. elegans (13) . Dnm1 is found at the constricted regions of apparently dividing mitochondria (similar to the medial localization of MsFtsZ-mt) and at the ends of mitochondrial tubules that may have recently completed division (similar to some of the peripheral localizations of MsFtsZ-mt). However, Dnm1 and other dynamin-like proteins are located on the mitochondrial outer membrane (13, 14) , whereas MsFtsZ-mt has no predicted membrane-spanning domain and is likely to be transported to the inside of the mitochondrion.
To assess the submitochondrial localization of MsFtsZ-mt experimentally, the protein (including the putative mitochondrial targeting sequence) was expressed in yeast as a green fluorescent protein (GFP) fusion (15) . Mitochondria purified from the transgenic yeast carried a protein corresponding in size to the MsFtsZ-mt fusion, and immunoblotting revealed MsFtsZ-mt within the mitochondrial compartment, not displayed on its surface (Fig. 3A) . Confocal fluorescence microscopy showed that MsFtsZ-mt localized to yeast mitochondria (Fig. 3B) , which exist as a reticulum around the cell cortex. The transgenic yeast appeared to have slightly abnormal mitochondrial morphologies: The mitochondria of most transformed cells displayed one or more bright nodes of fluorescence (Fig. 3, B , D, and E; of 100 cells, 68 had one node, 23 had two to four nodes, and 9 had no nodes of fluorescence), which were never observed in untransformed cells or in cells transformed with GFP targeted by fusion to other mitochondrial proteins.
If mitochondrial FtsZs are, in fact, absent from the genomes of all fungi and animals, then it is possible that the dynamin-like proteins have taken over the role of FtsZ in mitochondrial division in these organisms. However, MsFtsZ-mt seems to be able to affect mitochondrial morphology even in an organism such as yeast that normally relies on Dnm1 for organelle division. It seems likely that there will be major mechanistic differences in mitochondrial fission catalyzed by dynamins or FtsZs: one protein working from the outside of the organelle and the other from the inside.
We conclude that MsFtsZ-mt is likely to have been acquired from an endosymbiotic ␣-proteobacterium that was the ancestor of the present-day mitochondrion. We suggest that in the course of evolution, the gene was transferred from mitochondrion to nucleus (16) and that the nuclear-encoded protein is now targeted back to the mitochondrion to play a role in the division of the organelle. This is the first identification of a eukaryotic ftsZ whose protein seems to be specifically targeted to the mitochondrion, and which may thus be related to the earliest mitochondrial division genes. The Mallomonas mitochondrial FtsZ will be a useful key for identifying other components critical to moulding the shape and facilitating the intergenerational transmission of mitochondria.
Note added in proof: A possible mitochondrial FtsZ from a red alga has recently been reported. The predicted protein of CmftsZ1 (GenBank accession number AB032071) is 53% identical to MsFtsZ-mt and clusters with MsFtsZ-mt and the proteobacteria in a phylogenetic analysis like that in Fig. 1 .
